Summary. This paper describes the numerical modeling of rarefied plasma flows under conditions where continuum assumptions fail. We numerically solve the Boltzmann equation for rarefied, non-continuum plasma flows, making use of well known approaches as PIC (Particle in Cell) and as DSMC (Direct Simulation Monte Carlo).
Introduction
Within the small satellite program of the Institute of Space Systems at University of Stuttgart a lunar satellite is under development. The main propulsion system will consist of a cluster of instationary magnetoplasmadynamic (IMPD) thruster, also known as pulsed plasma thruster. The duration of a single pulse of the IMPD thruster is of the order of 8 µs. The current of about 30 kA allows an acceleration of the propellant mass bit leading to exhaust veloci- ties of about 12 km/s, i.e. a specific impulse of approximately 1200 s [13] . Due to the instationary operation and the degree of rarefaction, discontinuities in the space distribution of the propelling plasma are to be expected. In order to significantly enhance the understanding of such an electric space propulsion system a realistic simulation of the observed rarefied plasma flow is needed.
In this paper we describe the development of such a plasma flow simulation tool for complex three-dimensional geometries. The circumstance of rarefied plasma flow requires a kinetic description: The interaction of charged particles with electromagnetic fields requires the solution of the time-dependent full Maxwell-Vlasov system in three space dimensions for complex geometries.
An attractive numerical method for this system is the Particle-in-Cell (PIC) approach [2, 8] . Unfortunately, this method does not take into account elastic and inelastic scattering between particles. However, since these interactions can play an important role for the thrust of electric propulsion systems, it is necessary to include them. In our approach the exchange of momentum and energy as well as chemical reactions is calculated via a Direct Simulation Monte Carlo (DSMC) method [1, 12] . A new developed Fokker-Planck solver [5] , also using PIC techniques in velocity space, numerically models electron-electron and electron-ion Coulomb collisions in a self-consistent way.
It is expected that the coupling of these models, i.e. PIC-DSMC-FP, allow for an accurate prediction of the thrust of electric space propulsion systems operating far from continuum.
In general, the coupling of different particle approaches for the numerical investigations of rarefied flows in the field of electric propulsion is a well known proceeding. In case of Hall thrusters it is common to treat the electrons as a fluid and the atoms and ions as particles, see e.g. [11, 4] . A rise in computational power allowed to apply fully kinetic (PIC-DSMC) approaches [10] .
Most of the available Hall thruster studies are based on additional simplifying assumption concerning the neutral particle distribution, see e.g. [6] .
In the field of pulsed plasma thrusters (PPT), much less particle based studies are available, see e.g. [7, 3, 9] . However, these models cannot resolve the question about how strong the deviation of the Maxwellian electron distribution is due to high gradients, unknown collisionality and electron transport.
